Neonatal herpes simplex virus (NHSV) infections are associated with significant morbidity and mortality. Numerous factors influence the transmission of HSV infection to newborns; however, immersion in water during labor has received very little attention as a possible risk factor despite the increasing popularity of water births. We report a case of disseminated NHSV type 1 infection, possibly acquired during a water birth. The purpose of this report is to alert healthcare providers to this potential route of transmission and to highlight the importance of screening guidelines for HSV before a water birth. Furthermore, it is essential to consider NHSV infection in any febrile infant who is not responding to standard empirical antibiotic management, even in the absence of herpetic lesions.
A 3742-gram female infant was born at 39 + 5 weeks gestation to a 21-year-old primigravida with an uneventful pregnancy. The mother was group B streptococcus, human immunodeficiency virus, hepatitis B surface antigen, syphilis serology negative and rubella immune. Rupture of membranes was 2.5 hours before delivery. There was no known maternal history of orolabial or genital herpes simplex virus (HSV) infection. The infant was born by spontaneous vaginal delivery in a water bath at a birthing center under the care of a midwife. Both parents were immersed in the birthing tub during the labor and delivery. Apgar scores were 9 1 and 10
5
. The infant was discharged home on day 1 of life. At 40 hours of life, the infant developed a fever of 39°C but was otherwise well. At 58 hours of life, the infant was assessed by the midwife and found to be lethargic, febrile, and feeding poorly. The patient was referred to a level II special care nursery at a local hospital at 60 hours of age. On admission, the infant was tachypneic with mild grunting. A full septic workup was undertaken and ampicillin and gentamicin were commenced. The initial white blood cell count (WBC) was 12.4 × 10 9 /L, platelet count 184 × 10 9 /L and hemoglobin 147 g/L. The C-reactive protein (CRP) was 31 mg/L. A blood gas showed a pH 7.33, PCO 2 51 mmHg, and a HCO 3 27 mEq/L. The cerebrospinal fluid (CSF) analysis revealed WBC 2 × 10 6 /L, red blood cells 38 × 10 6 /L, protein 781 mg/dL, and glucose 2 mmol/L. There was no bacterial growth in initial blood, CSF, and urine cultures.
The infant remained febrile despite 48 hours of antibiotics. She had increased oxygen requirements and a significant increase in work of breathing. The chest x-ray (CXR) showed haziness in the right lower lobe. The infant's condition continued to deteriorate, and she continued to be febrile with increased work of breathing. The repeat CRP was 52 mg/L, and a repeat complete blood count showed a WBC of 4.3 × 10 9 /L, hemoglobin of 160 g/L, and platelets of 83 × 10 9 /L. The patient was transferred on day 6 of life to our tertiary Neonatal Intensive Care Unit (NICU) for further management.
Although there was no initial report of maternal history of HSV infection at the time of admission to hospital, a detailed history revealed that the father had a history of recurrent cold sores; however, none recently. On day 2 of admission to our NICU, the mother disclosed to our infectious diseases consultant, the presence of a herpetic whitlow on her left hand and a recent blister on her thigh; thus, raising the possibility that the mother was shedding HSV around the time of delivery.
Upon admission, acyclovir was started. Herpes simplex virus polymerase chain reaction (PCR) was performed on mucosal surface swabs and on a whole blood sample. Cytomegalovirus urine culture and nasopharyngeal swabs for virology were taken. A repeat lumbar puncture was attempted unsuccessfully. Initial liver function tests showed alanine aminotransferase 309 U/L, aspartate aminotransferase 1382 U/L, γ-glutamyl transferase 60 U/L, and bilirubin 13 mmol/L. The patient's status rapidly deteriorated. She became progressively lethargic and developed respiratory failure with severe metabolic acidosis requiring intubation and aggressive ventilation strategies including high-frequency oscillation. A CXR demonstrated worsening diffuse bilateral opacification. Hemodynamically, she was initially stable but quickly she developed uncompensated septic shock with hypotension refractory to multiple vasopressors. On day of life 7, she developed significant abdominal distension with ascites and overall edema of her liver and bowels as confirmed by abdominal ultrasound. Progressive liver failure and coagulopathy ensued. The infant received multiple blood product transfusions.
On day 8 of life, the blood PCR, surface swabs, and endotracheal aspirates resulted positive for HSV type 1. Despite treatment with acyclovir for 48 hours, the baby had severe progressive respiratory, renal, and hepatic failure. After discussions with the family, a decision was made for comfort care. The patient was extubated on day of life 8 and died soon after. An autopsy was offered to parents but was declined.
REVIEW OF THE LITERATURE
This case report highlights the possible transmission of HSV to an infant via a water birth and the importance of starting early treatment with intravenous acyclovir. In Canada, the rate of neonatal HSV (NHSV) is approximately 1 per 16 500 live births and it is most commonly acquired during the intrapartum period [1] . Although most infants acquire HSV during the passage through an infected birth canal, there is a reported postpartum transmission rate of 10% and an additional 5% are intrauterine infections [2] . The diagnosis of intrauterine HSV infection is challenging with varying criteria existing. Some propose that the onset of symptoms should be before 24 hours of life, and others suggest onset up to 48 hours of life [3] . Marquez et al [3] reported 95% of suspected in utero transmission cases had cutaneous lesions at birth, with the majority of infants manifesting symptoms within 12 hours of birth. Transmission of HSV to newborns typically requires direct contact between infectious material and mucous membranes or disrupted skin. Asymptomatic shedding from the cervix or vaginal canal around the time of delivery is responsible for a significant amount of transmission, and the highest risk is in women with primary infection [4] . Cesarean section is indicated when lesions are present at the time of labor because it decreases the risk of contact between infectious material and the susceptible infant. However, indirect transmission of HSV has been reported. Environmental surfaces may facilitate the transmission of HSV to the neonate [5] . This case may represent a transmission of HSV from an infection site distant to the genitalia that was facilitated by the water birth.
Asymptomatic Shedding
Of the 58 reported cases of NHSV infections in Canada between October 2000 and September 2003, 40% of mothers had no history of genital herpes before delivery, and only 1 of the 58 cases involved a mother with known intrapartum genital lesions [6] . The great majority of infants diagnosed with NHSV are born to mothers with no recollection of genital HSV infection [6] . The overall asymptomatic shedding rate in all pregnant women present in labor with samples taken within 48 hours of delivery is ~3.5-5 per 1000, with 0.8-1 per 1000 being first episode (primary or nonprimary) and 2-4.7 per 1000 being recurrence [4, 7] . Asymptomatic shedding of HSV at the time of delivery is episodic and thus remains unpredictable [8] . All infants should therefore be considered at risk for NHSV infection, because the vast majority of individuals who are seropositive for HSV are unaware of their infection [1] .
Nonmaternal Transmission
A study by Yeager [8] identified a nonmaternal source for 8.3% of NHSV infections with cases of transmission of HSV from father to infant being documented. It is proposed that some infants may be infected with HSV as a result of transmission from oral HSV infections of family members and friends [6] .
Increased Risk Associated With Water Births
Enveloped viruses, such as HSV, are typically quite sensitive to inactivation in the environment. However, several studies have questioned the ability of HSV to be transmitted indirectly via fomites. Infective HSV particles can survive on contaminated skin and cloth for 2-3 hours [5] . Nerurkar et al [9] demonstrated that HSV could remain infective, after inoculation, in tap water for up to 4 hours and up to 24 hours in distilled water. Thus, a water birth may increase the risk of an ascending perinatal exposure after rupture of membranes, because it increases the potential surface area of mucosal contact with infectious material and provides a vector for infection by microaspiration of virion-containing water resulting in pneumonitis. In fact, the presenting symptoms in this case were respiratory, suggesting that the lung may have been the primary site of infection. Pneumonia, in the context of NHSV, is recognized as a poor prognostic sign [10] . We hypothesize that a water birth has the potential to increase the risk of neonatal HSV in the presence of lesions distant to the genitals. We propose that water birth increases the susceptible surface area of exposure and permits prolonged survival of viruses that typically would not remain infective for long periods of time in the environment.
Current Position Statements
In 2014, the American Academy of Pediatrics and American College of Obstetricians and Gynaecologists state that the safety and efficacy of immersion in water during second stage of labor have not been established [11] (Table 1) . Likewise, the Royal Australian and New Zealand College of Obstetricians and Gynaecologists state that a planned water birth is not currently favored over conventional birth due to reported complications and the challenges of managing some obstetric and neonatal emergencies while the pregnant women is immersed in water [12] . The United Kingdom Royal College of Obstetricians and Gynaecologists offers a joint position statement with the Royal College of Midwives, which concluded that research pertaining to water births is reassuring; however, rare but serious neonatal complications can arise. Thus, they advocate for full disclosure of risks while supporting a women's choice for an underwater birth [13] . Of note, the Society of Obstetricians and Gynaecologists of Canada offers no guidelines related to immersion in water during second stage of labor or water delivery. Of the Canadian midwifery colleges, only the College of Midwives of British Columbia provides a specific guideline for the use of water in labor [14] . None of these position statements offer specific recommendation regarding HSV screening and prevention of neonatal transmission. Alberta Health Services offers infection prevention and control guidelines for water births, which specifically states that water births are contraindicated if the mother has an active HSV infection [15] . Furthermore, they clearly state that no other individual may enter the tub if they are known to have an active HSV infection [15] . Altogether, these recommendations recognize the potential risk associated with active HSV infection in relation to water births; however, they do not address the risk associated with asymptomatic shedding.
Recommendations
Based on this case report, we recommend the following: (1) clinical suspicion of HSV infection, genital or otherwise, should be a contraindication to a water birth; (2) screening for HSV by thorough medical history and physical examination of mothers and family members who may have direct contact with the water or tub during the labor and delivery; (3) healthcare providers should provide education about the potential risk for HSV transmission during water births, either from the mother or others entering the water birth tub; and (4) early treatment with acyclovir is indicated in any suspected case of neonatal HSV infection.
CONCLUSIONS
Water births may be a risk factor for the transmission of HSV by exposing the neonate to viral particles for longer duration and increasing the surface area in potential contact with infectious material. Education of healthcare providers and families regarding this potential risk is essential. Herpes simplex virus screening should be considered before a water birth. Furthermore, given the risk of transmission of HSV to the infant from asymptomatic mothers, even in the absence of herpetic lesions, it is essential to consider NHSV infection in any febrile neonate, particularly when that patient continues to deteriorate while receiving appropriate empirical antibiotic therapy or there are signs suggestive of disseminated NHSV such as elevated liver enzymes. 
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